Three samples of Ferula kuhistanica were collected from two different locations in the central part of Tajikistan. The essential oils were obtained by hydrodistillation and analyzed by GC-FID and GC-MS. A total of 77 compounds were identified representing 95.8-99.9 % of total oil compositions. The essential oils of the roots of F. kuhistanica were dominated by the monoterpene hydrocarbons α-pinene (57.7-70.6%), β-pinene (8.2-27.1%), β-phellandrene (0.1-7.2%), and myrcene (1.5-2%). To our best knowledge, this is the first report concerning the chemical composition of the essential oil obtained from the roots of F. kuhistanica.
Flora of Tajikistan has rich diversity of herbs and aromatic plants. Plant growth, biosynthesis, and accumulation of biological active secondary metabolites can be affected by the specific environmental conditions, in case of Tajikistan, due to large number of sunny days per year, high altitudes, mountainous soil and minerals. About 1500 species of Tajik plants are used in folk medicine, but only a small number of them have been investigated [1] .
The genus Ferula L. includes about 150-170 species in the family Apiaceae, widespread in Central Asia, Afghanistan, Iran, China (Xinjiang), India, western Siberia, Caucasus, throughout the Mediterranean region to the northern Africa [2, 3] . There are 37 species Ferula present in Tajikistan [3] . F. kuhistanica Korov. has large reserves in Tajikistan, it is valuable animal fodder in the dry form for the winter. The fresh plants are poorly consumed by animals due to the high content of essential oils [3] . In folk medicine, F. kuhistanica has been used to treat skin diseases and wounds [4] .
In 2000, Chen and co-workers reported about seven daucane-type sesquiterpenes, called kuhistanicaols A-G, which were isolated from methanol extracts of the air-dried roots and stems of F. kuhistanica [5] . One year later, Tamemoto and co-workers isolated three daucane esters: kuhistanicaols H, I, and J from ethyl acetate extracts of the air-dried fruits of F. kuhistanica. Isolated compounds from F. kuhistanica were selectively toxic against Gram-positive bacteria, including methicillin-sensitive and methicillin-resistant Staphylococcus aureus (MSSA and MRSA) [4] . Erkulov and coauthors isolated and characterized the structure of the carbohydrate complex (pectinic substances, hemicelluloses, and monosaccharides) from aerial parts of F. kuhistanica [6] .
There have been around 160 compounds identified as major components of essential oils from Ferula species. The most abundant components of Ferula species essential oils were monoterpene hydrocarbons (α-pinene, β-pinene, myrcene, and limonene); oxygenated monoterpenoids (linalool, α-terpineol, and neryl acetate); sesquiterpene hydrocarbons (β-caryophyllene, germacrene B, germacrene D, and δ-cadinene); oxygenated sesquiterpenoids (caryophyllene oxide, α-cadinol, guiaol, and spathulenol) and sulfur-containing compounds (sec-butyl (Z)-propenyl disulfide and sec-butyl (E)-propenyl disulfide) [7] .
There is only single conference paper regarding the essential oil of F. kuhistanica, Temel Özek and co-workers have analyzed the lipids and essential oil from leaves of F. kuhistanica by GC-FID and GC-MS. The lipids were rich in linolenic, linoleic, palmitic and hexadecatrienoic acids. The essential oil of the leaf of F. kuhistanica predominated with α-and β-pinenes [8] . To our best knowledge, until now, there have been no published reports on volatile secondary metabolites of the underground parts of F. kuhistanica.
The essential oils were isolated by hydrodistillation from the roots of F. kuhistanica growing wild in Tajikistan and were analyzed by GC-FID and GC-MS. A total of 77 compounds were identified representing 95.8-99.9% of total oil compositions ( Table 1 ). The essential oils of the roots of F. kuhistanica were dominated by the monoterpene hydrocarbons α-pinene (57.7-70.6%), β-pinene (8.2-27.1%), β-phellandrene (0.1-7.2%), and myrcene (1.5-2%). The essential oil of F. kuhistanica growing in sandy soil contained a higher concentration of β-phellandrene (7.2%) than that growing in soil. In contrast, plants growing in soil contained a higher amount of β-pinene (27.1%) than the other two samples. According to literature reports, α-pinene and β-pinene monoterpene hydrocarbons were the major components of the essential oils of many Ferula species, including F. akitschkensis umbels and seeds essential oil [9] , F. assa-foetida aerial parts essential oil [10] , F. badrakema fruit essential oil [11] , F. clematidifolia root and leaf essential oils [12] , F. communis aerial parts essential oil [13] , F. gummosa aerial parts and fruits essential oils [14] [15] [16] [17] , F. hirtella aerial parts essential oil [18] , F. kuhistanica leaf essential oil [8] , F. macrocolea aerial parts essential oil [19] , F. microcolea aerial parts essential oil [18] , F. ovina fruit essential oil [20] , F. stenocarpa aerial parts essential oil [21] , F. szowitsiana aerial parts essential oil [22] and F. vesceritensis seed, floral, and stem essential oils [23, 24] (Table 2) . In previous reports, β-phellandrene and myrcene were also found to be major components in the essential oils of F. akitschkensis [9] , F. badrakema [11] , F. clematidifolia [12] , F. communis [13] , F. stenocarpa [21] , F. szowitsiana [22] and F. vesceritensis [23, 24] (Table 2) . [23, 24] In conclusion, this work is the first report concerning the chemical composition of the essential oil obtained from the roots of F. kuhistanica. The chemical compositions of the essential oils of the roots of F. kuhistanica, collected from two different locations in Tajikistan, were dominated by α-pinene, β-pinene, β-phellandrene, and myrcene. These components have been found in essential oils of many Ferula species as major constituents.
Experimental
Plant Materials: The roots of F. kuhistanica Korov. were collected from two regions of Tajikistan: Samples #1 and #2, near the Ziddi village, Varzob region (2350 m above sea level), on 28 May 2017, during period of plant harvesting. Samples #1 and #2 were collected from plants growing in sandy clay and silty clay soils, respectively (Figure 1) , from a mountain steppe soil zone [25] . Sample #1 had more smell and juice than sample #2; sample #3, was collected near the Khoja Obi Garm resort, Varzob region, (2000 m above sea level), on 11 June 2017. The soil from this site has been characterized as mountain brown silty clay soil [25] . The plant was identified by P.D. Khalifaev, and a voucher specimen (TJ2017-04) has been deposited in the herbarium of the Department of Pharmaceutical Technology and Biotechnology, National University of Tajikistan. The fresh samples from roots (300 g each) of F. kuhistanica were cut in small pieces and hydrodistilled for 3 h to give the yellow essential oils, 1-1.5% yield.
Gas Chromatography: The gas chromatography analysis of the essential oils of F. kuhistanica was performed using a GC-2010 plus gas chromatograph (Shimadzu), equipped with a non-polar ZB-5 fused bonded column (Phenomenex) and flame ionization detector (FID). The column parameters were 30 m length, 0.25 mm inner diameter and 0.25 µm film thickness. The carrier gas was helium with a flow rate of 1.5 ml / min with split mode. The operating temperature conditions were initial temperature 120°C for 2 min isothermal followed by linear temperature increase till 320°C at a rate of 8°C / min, and then for 10 min at isothermal mode at 320°C. Detector and injector temperatures were 320°C and 310°C, respectively. GC solution by Shimadzu was used for recording and integration. The percentages of each component are reported as raw percentages based on peak area without standardization.
Gas Chromatography -Mass Spectrometry: A gas chromatographic-mass spectral analysis was performed on the essential oils of F. kuhistanica using an Agilent 6890 GC with Agilent 5973 mass selective detector (EIMS, electron energy = 70 eV, scan range = 45-400 amu, and scan rate = 3.99 scans/s), and a fused silica capillary column (HP 5 ms, 30 m  0.25 mm) coated with 5% phenylpolymethylsiloxane (0.25 µm phase thickness). The carrier gas was helium with a flow rate of 1 mL/min, and the injection temperature was 200°C. The oven temperature was programmed to initially hold for 10 minutes at 40°C, then ramp to 200°C at 3°C/min and finally to 220°C at 2°C/min. The interface temperature was 280°C. A 1% w/v solution of the sample in CH 2 Cl 2 was prepared, and 1 µL was injected using a splitless injection technique. Identification of the oil components was based on their retention indices determined by reference to a homologous series of n-alkanes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [26] , and stored in the MS database (NIST 14, WILEY 10, FFNSC version 1.2).
